Introduction
The iridium-catalyzed asymmetric allylic substitution (AAS) reaction (1a/b + Nu → 2; Scheme 1a) represents one of the most reliable methods to construct allylic stereocenters. 1 This reaction engages an allyl alcohol derivative (1a/b) as the electrophile and an appropriate nucleophile to yield products with a terminal alkene group in high enantioselectivity and high branch to linear ratio (2/3) . The significance of this transformation has captured the attention of the synthetic community immediately after the seminal work from the groups of Takeuchi 2 and Helmchen. 3 Many applications of this Ir-catalyzed AAS reaction have been reported over the years. For instance, while the feasibility of merging Pd-catalyzed AAS reactions with organocatalysis had been demonstrated by the groups of Gong, List, and others, 4 Carreira's group showed the compatibility of the Ircatalyzed AAS reaction with enamine catalysis, and, more importantly, established a strategy to accomplish separate control of both stereocenters formed in a reaction. 5 In a different line of studies, the You group has elegantly showcased this Ir-catalyzed AAS reaction in their catalytic asymmetric dearomatization (CADA) program. 6 The CADA chemistry has now evolved into an attractive and robust strategy to convert readily available materials into polyfunctionalized, enantioenriched products. 7 The ability to break aromaticity and induce high enantioselectivity simultaneously attests to the prowess of the Ir-catalyzed AAS reaction. Lastly, this Ir-catalyzed AAS reaction has been frequently employed in the total synthesis of complex natural products.
Although numerous types of ligands show activities in effecting the Ir-catalyzed AAS reaction, three of the most 'privileged ligands' are shown in Scheme 1b. In fact, each of these ligands results in a fundamentally distinct catalytic species 4-6, and exhibits complimentary reactivities. The Hartwig group 9 reported that ligand L1 undergoes a facile C-H activation process when complexed with [Ir(COD)Cl] 2 in the presence of a base, generating iridacycle 4 as the real catalytically active species. The You group 10 has developed a class of N-aryl based phosphoramidite type ligands, such as L2. Through careful mechanistic studies and crystallographic analysis, they found that these ligands produce P,aryl-bidentate iridium complexes such as 5 in situ through aryl C-H bond activation. An important advantage of You's ligands is that they induce high enantioselectivities for cinnamyl carbonate substrates bearing ortho-substituents, a class of substrates that often deliver products with low ee values in the presence of other ligands. The Carreira group 11 introduced a class of P,olefin-type ligands (L3), which enabled the direct use of allylic alcohols as electrophiles, and thus obviated the steps of substrate activation. In the case of Carreira's ligand, the active catalyst 6 is formed without a C-H activation step. 12 An attractive feature of the Ir-catalyzed AAS reaction is that the above small number of phosphoramidite-type ligands display consistently good performances in ensuring high reactivity and enantioselectivity. This feature, together with the ready availability of the phosphoramidite ligands, serves as a strong encouragement for researchers to discover and develop new transformations in this area.
Reaction Discovery
Recently, we reported an Ir-catalyzed umpolung allylation of imines that gave linear, 1,4-disubstituted homoallylic amines in high regio-and stereoselectivity. 13 This reaction was in fact discovered by accident. Our initial goal was to develop a rapid and scalable synthesis of an anticancer agent 7 and its analogues (Scheme 2). At the beginning of our investigation, we wondered whether the core structure of 7 could be accessed from 8, and 8 from 9 and 10 by an Ircatalyzed AAS reaction. Given the excellent track record of the Ir-catalyzed AAS reaction, we felt confident that our proposed synthesis of 8 would work, on condition that we could identify a suitable synthetic equivalent of the required α-amino anion 9. However, it turned out that our investigation digressed from our expectation and ultimately led to the discovery of a method that produces linear, 1,4-disubstituted homoallylic amines 11.
In synthesis, imines are most frequently used as electrophiles, but they become nucleophilic when converted into 2-aza-allyl anions by deprotonation. This polarity reversal (umpolung 14 ) functionalization of imines has emerged as an important alternative to prepare chiral amines, 15 and it possesses the following advantages. First, because the imine Scheme 2 The Ir-catalyzed AAS reaction of an α-amino anion synthon was called for in our proposed synthetic plan of an anticancer agent, but led to the serendipitous discovery of a method to make 1,4-disubstituted homoallylic amines 
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species function as nucleophiles in this reaction manifold, the generation, storage and utilization of sensitive allylmetal reagents are obviated. Second, the products of these reactions are imines, and thus could be hydrolyzed under mild conditions to give primary amines. Third, this unusual bond-disconnection mode could allow the syntheses of products that are otherwise difficult to access. In spite of these advantages, the application of umpolung reaction manifold of imines in asymmetric catalysis remains rare, with a few examples 16 reported by the groups of Deng, Buchwald, and Zhang. We were intrigued by the possibility of merging the umpolung reaction mode of imines with the Ir-catalyzed AAS reaction. In practice, we are particularly interested in the use of imine precursor 12 (Table 1) , because the fluorenyl C-H bond in 12 is fairly acidic and could be deprotonated by a mild base. We reasoned that the use of mild base is critical for the scope and practicality of our reaction.
Our study commenced with the model reaction between imine 12 and cinnamyl carbonate 13 ( Table 1 ). Given that 2-aza-allyl anion generated from imine 12 has been re- 
ported to react with other electrophiles at the Cα position, 14 we expected the formation of product 16′. To our surprise, we found the linear product 16 was formed exclusively, albeit in moderate ee. The selective formation of a linear product under conditions that usually 17 furnish branched compounds was unexpected. To reconcile these outcomes, we proposed that 15 (branched product) was formed initially by the reaction of 13 at the Cα′ position, and an ensuing 2-aza-Cope rearrangement 18 of 15 occurred spontaneously under the reaction conditions to deliver the linear product 16. Rather than the anticipated 1,2-disubstituted homoallylic amines, the overall transformation produced the 1,4-disubstituted homoallylic amines, a class of compounds that were not readily available. Aware of the potential value of this transformation, we started the conditions optimization process. We reasoned that the base (LiHMDS) we used under our initial conditions might be too strong, and could deprotonate the imine product formed. This deprotonation process would erode the ee of the product 16. Guided by this hypothesis, we screened other, weaker bases, and identified DBU as the best choice. It is important to note that DBU is capable of deprotonating 12; indeed, the reaction mixture becomes dark-purple immediately following the addition of DBU, indicating the formation of 13. During this optimization process, we screened a number of other privileged ligands, and found that ligand L4 gave the best results.
Substrate Scope
With optimal conditions in hand, we investigated the scope of this reaction. To our delight, this reaction demonstrated a remarkable substrate scope, as shown in Scheme 3. The R 1 substituent in the imine substrate could be aryl, heteroaryl, alkenyl, or alkyl groups. This substituent could have different electronic or steric properties. Importantly, a large variety of heterocycles are tolerated, including pyridine, imidazole, pyrazole, thiazole, furan, pyrrole, and thiophene. In retrospect, we reasoned the high tolerance of the R 1 substituent is a natural result of the reaction mechanism: The initial bond-forming event occurs at the Cα' of the 2-aza-allyl anion (cf. 15), so the reaction performance is not much impacted by the properties of the R 1 substituent located on the Cα position. This reaction also tolerates a large scope of R 2 , including many different heterocycles shown in Scheme 3. This speaks to the robustness of the Ircatalyzed AAS reaction. Sensitive functional groups such as ketals are also permitted. Interestingly, we found intermediate 18m′-k′ could be isolated when R 2 is an alkyl group. Compared with aryl groups, the alkyl groups might be less able to stabilize the transition state of the 2-aza-Cope rearrangement. Moreover, when R 2 is a small alkyl group, the starting material for the 2-aza-Cope rearrangement is less crowded. Both factors may have contributed to the slower 2-aza-Cope events of these intermediates. Nonetheless, 18m′-k′ could be converted into the final products cleanly upon heating. These outcomes provide strong support for our proposed reaction sequence.
Scheme 4 Synthetic applications of the homoallylic amines obtained in this study. 
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Although it may be difficult to convert the homoallylic amines obtained in this reaction to prepare 7, these products are useful synthetic intermediates in other respects. For example, we found that 19 could be converted into pyrrolidine 20a when treated with NaHCO 3 and I 2 . Interestingly, when NaHCO 3 was omitted from the reaction medium, another diastereoisomer 20b could be obtained (Scheme 4a). 19 Product 21 is a direct precursor to a pesticidal compound 22 (Scheme 4b). Moreover, 23 could be rapidly transformed into ent-sertraline, the enantiomer of the API of an antidepressant drug (Scheme 4c). Compound 24 is rapidly transformed into a NNR agonist 25 with high purity (Scheme 4d). Interestingly, the original method to make 25 involves a Heck coupling, which generates 25 as a mixture of E/Z isomers. Lastly, products 26 and 27 can be easily mapped onto natural product hitachimycin and a BACE-1 inhibitor, respectively (Scheme 4f-g).
Conclusion
This Synpacts article gives an account of how we discovered the Ir-catalyzed umpolung allylation reaction of imines. Our reaction, which gives linear 1,4-disubstituted homoallylic amines, displays remarkable substrate scope, and produces the target products in high enantioselectivities. We think this reaction illustrates the power of the Ircatalyzed AAS reaction and the umpolung functionalization of imines as well. We are now investigating the origin of the regioselectivity of this reaction, and extending the methodology for the syntheses of other classes of homoallylic amines.
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